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Abstract 
Arsenic contamination in drinking groundwater in the Datong Basin, northern China has been threatening millions of 
people’s health for decades. To delineate the hydrogeochemical characteristics of arsenic contaminated water is the 
key to understanding arsenic mobilization. Groundwater in the Datong Basin was characterized as soda water, with a 
high concentration of HCO3- and Na+. The elevated concentration of HCO3- in groundwater was considered to result 
largely from the decomposition of organic matter in the sediment. Indirect evidence implied that the second dominant 
cation in groundwater, Mg2+, was linked to bacterial sulfate reduction (BSR), which could favor dolomite 
precipitation at earth surface temperatures. Additionally, Ca2+ in groundwater may go through this modification, in 
addition to Mg2+. In this investigation, As concentrations in groundwater negatively correlated with Mg2+. Although 
there was a lack of strong evidence from this study, as well as in the documented literature, Mg is perhaps directly 
involved in arsenic mobilization during microbiological processes. The role of Mg in arsenic biogeochemical cycling 
needs to be further investigated to better understand environmental constraints on arsenic geochemical behavior.  
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1. Introduction 
Arsenic (As) contamination has become a global spotlight for environmental studies in the name of 
“The King of Poison”, not only because of its inextinguishable toxicity, but also owing to the intractable 
difficulties in unveiling its environmental destiny in the natural systems. Great efforts have been done to 
investigate the mechanisms of arsenic mobilization in soil and aquatic environment. The Datong Basin of 
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Shanxi Province is one of the most important bases of coal, agriculture and animal husbandry in northern 
China. Arsenic contamination in groundwater in the Datong Basin was discovered in 1994 by the local 
Department of Public Health from a general survey of endemic disease. Previous studies have 
characterized that the occurrence of high arsenic groundwater mainly occurred in the central basin, 
discharge area of the local groundwater [1] and groundwater geochemistry under strongly reducing 
conditions with high bicarbonate (HCO3-) concentrations, and also proposed some plausible mechanisms 
of arsenic mobilization in groundwater including desorption of arsenic due to the reductive dissolution of 
Fe (oxyhydr)oxides [2] and biogeochemical processes. However, those speculations need more 
convincing evidences. Besides, some important contribution factors were missed, such as anthropogenic 
influences. Similar to the Hetao Basin of Inner Mongolia [3], shallow groundwater flow system in the 
Datong Basin has been significantly affected by extensive pumping and irrigation. 
1. Methodology  
Groundwater samples were obtained from domestic and agricultural irrigation wells in the Shanyin 
country and Yingxian country, where the highest As concentrations were detected in former studies. The 
sampling campaign was conducted in August, 2009, including twenty-nine groundwater samples for the 
analysis of sulfur and oxygen isotopic compositions of dissolved sulfate, and twelve groundwater samples 
for sulfur isotopic analysis of sulfide. The depths of the wells ranged from to 5-68 m. Field measurements 
of physicochemical parameters including pH, temperature and electronic conductivity (EC) were 
performed immediately after 20 L water was pumped out from each well. After the above measurements 
became stable, samples were collected into 500ml plastic bottles with no leakage of air. All the samples 
were filtered with a 0.45 ȝm filter and divided into two rinsed high-density polyethylene (HPDE) 100ml 
bottles within 24 h. High purity concentrated nitric acid (1.5 ml) was added into the filtered groundwater 
for cation analysis specially. Alkalinity was measured in the field within 24h by acid filtration after back 
from the on-site sampling. Chemical analyses of groundwater samples, including anion analysis, cation 
analysis and trace elements analysis, were performed in the Key Laboratory of Biogeology and 
Environmental Geology of Ministry of Education, China University of Geosciences (Wuhan). 
2. Results and discussion 
2.1 Hydrogeochemical features of groundwater 
Due to the straightforward recharge-discharge flow system in groundwater in the Datong Basin, 
evaporation and water-rock interactions are the primary natural regulators of groundwater geochemistry, 
whereas water mixing and interactions with surface water have minimal influences. Under-saturated 
groundwaters with lower TDS were characterized by relatively high Na+ and HCO3- contents, additionally 
by moderate Mg2+ and Ca2+ concentrations. Predominance of Na+ in almost all the groundwater samples 
and high concentration of HCO3- characterized groundwater as soda water. High concentrations of Mg2+, 
which was a second dominant cation in groundwater, were frequently detected in our samples. It was 
apparent that both Ca and Mg precipitations participated in resizing dissolved Ca2+ and Mg2+
concentrations in groundwater in the Datong Basin (Fig. 1a). As groundwater became enriched in HCO3-
to a certain concentration, both Ca2+ and Mg2+ concentrations decreased in different rates. The steeper 
downward slope of Ca2+ concentration compared to Mg2+ in Fig. 1a indicated a first Ca2+ or Ca2+-
dominated compounds precipitation, followed by more Mg2+ involved precipitating. 
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It should be noted that there was an inconsonant increase of Mg2+ where both Ca2+ and HCO3- were in 
relatively moderate contents, indicating additional Mg2+ end-members besides limestone. The apparent 
inclining tendency to Mg/Na ratio in the Mg/Na vs. Ca/Na plot (Fig.1b) was consistent with the 
preponderance of Mg2+ in Fig. 1a. Accordingly, mineralogically Mg-rich evaporites dissolution plays a 
leading role in controlling Ca2+ and Mg2+in groundwater rather than Ca-rich evaporites, e.g. gypsum and 
anhydrite. Again, there was no enough corroboration to rule out the involvement of calcium salts, as both 
Ca2+ and Mg2+ correlated well with SO42- (Fig. 1c). 
Fig. 1. Major ions in groundwater in the Datong Basin 
Based on the above discussion, we speculated that: i) evaporites containing magnesium and/or sulphate 
(e.g. magnesite, gypsum, anhydrite and kieserite), contributed to the high concentrations of Mg2+ and 
SO42-; ii) anthropogenic inputs of sulphate and magnesium elevated SO42- and Mg2+ contents in 
groundwater. As a secondary nutrient in most fertilizers, Mg is highly assimilated into plants for their 
growths. In the Datong Basin, magnesium evaporites, such as magnesite, probably were deposited in the 
conditionally favourable sediments. Biological activities should be taken into a serious consideration to 
achieve a profound investigation of groundwater geochemistry. Bacterial sulphate reduction (BSR) is well 
known for increasing alkalinity of the solutions:  
SO42- + 2C* + 2H2O ĺ 2HCO3- + H2S 
where C* represents the bioavailable organic carbon for sulphate reducing bacteria. BSR was considered 
as one of the most important processes influencing the dissolution and precipitation of carbonates in 
organic matter enriched environments since sulphate reducing bacteria operate independently of oxygen 
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and light throughout the Diel cycle [5]. It has been explicated that bacteria (e.g. sulphate reduction 
bacteria) can concentrate Ca and Mg on their cell surfaces and so create microenvironments where the ion 
activity product of calcite or dolomite exceeds saturation, favouring carbonate precipitation around the 
bacterial body. Anthropogenic activities may also exercise influences over the major ions in groundwater 
in the Datong Basin. The amount of fertilizers used in 2010 was totalized more than 303kt, approximately 
377 kg/acre fertilizer was used per year, including nitrogenous fertilizers, phosphorous fertilizers, potash 
fertilizers, compound fertilizers and secondary nutrient fertilizer containing a certain amount of S, Ca, 
Mg, and Na.  
Fig. 2. (left) HCO3- and Ca2+ + Mg2+ in Datong Basin groundwater.  
Fig. 3. (right) As and Mg concentrations in Datong Basin groundwater.
2.2 Arsenic in groundwater
Arsenic concentrations detected in the Mg-rich groundwater were generally low. In contrast, high As 
contents occurred within the low Mg groundwater (Fig. 3). Former study indicated that BSR might be an 
important trigger for As release into the groundwater in the Datong Basin [6]. In addition, there is a 
negative correlation between į34S-SO4 and Mg2+ (unpublished data). Few documented research inferred 
that Mg-bearing minerals involved in BSR directly influence arsenic concentrations. Microbial processes 
such as BSR played a considerable role in groundwater hydrogeochemistry, which indirectly or directly 
controlled arsenic mobilization in groundwater.  
3. Conclusions
Groundwater in the Datong Basin was determined carrying high contents of Na+ and HCO3-. 
Decomposition of organic matters in the sediment was considered as an important HCO3- contribution to 
the groundwater. As the second dominant cation in groundwater, Mg2+ was deduced to be linked with 
microbiological processes (e.g. BSR), which could favour dolomite precipitation at earth surface 
temperatures. This modification might control Ca2+ in groundwater as well. Agricultural activities, such 
as the extensive fertilizers using in the basin, considerably altered the hydrogeochemistry of groundwater, 
not only because of the direct solutes inputs, but also its impacts on the microbial communities. Arsenic 
concentrations in groundwater negatively correlated with Mg2+. As critical as the role of BSR in arsenic 
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mobilization is, the relationship of As and Mg need further investigation to reveal Mg’s position in 
arsenic biogeochemical cycling.  
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